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Gaining attention:
• Students identified 
elements in a 
Norwood City water 
report

• Students identified 
elements on personal 
hygiene and food 
labels

• Students 
performed/listened to 
a song called “Ionic” 
written to the tune of 
“Ironic” by Alanis 
Morissette

Project STEP. The objective of the National Science Foundation-funded 
Science and Technology Enhancement Program (STEP) is to provide training 
within the field of secondary education to engineering and science graduate 
students with the goal that the fellows will continue to bring their expertise to 
high school classrooms throughout their careers.  This is facilitated through a 
year-long collaboration of the graduate fellow and a team of four teachers 
within a given high school.  

Fellow responsibilities. As a fellow, I am to design lessons pertaining to a 
topic within the established curriculum, placing the content within the context 
of engineering, my personal research, and Cincinnati, demonstrating to the 
students that their current studies are applicable to their daily lives.  

The lesson. Teachers within a variety of subjects at different levels agree 
that the concept of ionic and covalent bonding is difficult for students.  In this 
lesson, students examined a City of Norwood water report and product labels 
to identify elements that are present in their drinking water, personal hygiene 
products, and food to understand that elements and bonding are present in 
their everyday lives. Groups of students then designed and built models 
illustrating the differences between ionic and covalent bonding. Group 
models varied from group to group based on individual design. 

Assessment. Analysis of the identical pre- and post- activity quiz given to 
two classes indicated that content knowledge increased by an average of 9% 
in Class one and 20% in Class two.  Individual results categorized by class 
and student can be found in the results section. 

• This hands-on, inquiry-based lesson increased student 
knowledge about ionic vs. covalent bonding as post-activity quiz 
scores increased (Class one, 9%, Class B, 20%).

• Both the students’ confidence to learn math/science and their 
interest in the engineering field increased as well.

Conclusions

A. B.

Figure 2. Post-quiz results. A) Class one and B) Class two completed an quiz both before 
and after the activity. The percentage correct on the pre-quiz (x-axis) is plotted versus the 
percentage correct on the post-quiz (y-axis). Each diamond represents the both pre- and post-
scores of one student. 

Student Feedback

Liked best:
• How we got to make our own creation of 
bonding and the challenge of it all
• How we got to be creative and involve 
ourselves in the activity instead of just 
writing it on paper
• Finding the best way to make valence 
electrons fun

Liked least:
• How short it was
• Not enough in-class time for talent show 
prep

Liked best:
• It was a fun hands-on activity that would 
help us remember covalent and ionic 
bonding
• The pipe cleaner models
• It was fun and you could create 
whatever you wanted using YOUR 
TALENT!

Liked least:
• We had to present in front of the class
• Not enough in-class time for talent show 
prep 
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Ionic bonding Covalent bonding

Mr. Magnesium decided to try
To form a bond, and kissed 2 electrons goodbye
Chlorine waited to accept these electrons
And as his shell was filled he thought
“Well isn’t this nice…”
And isn’t it ionic… don’t you think?

Problem:  Students having a difficult time remembering 
the difference between ionic and covalent bonding.

The lesson:  Students used the materials supplied to 
design and construct models of ionic and covalent 
bonding.

Ionic bonds: Electrostatic charge between 
electrons

Covalent bonds: Electrons are shared

During the group activity, 
students:

• Completed a 
proton/electron worksheet

• Discussed the design of 
the atomic models

• Selected various materials 
that would be used in the 
models

• Built and revised the 
models

• Participated in a talent 
show in which they included 
3 facts about ionic and 
covalent bonding

Figure 1. Student feedback. Immediately following the activity, students completed 
anonymous feedback forms. 

Students decorated T-
shirts, wrote poems, songs, 
stories, and comic strips, 
performed cheers and skits

Rate your level of learning: Rate your interest in engineering:

A lot A little None Very Somewhat Unsure None
Class One 46% 50% 4% Class One 21% 38% 13% 29%
Class Two 36% 57% 7% Class Two 14% 43% 21% 21%
Combined 42% 53% 5% Combined 18% 39% 16% 26%

Did this lesson increase your confidence Did this lesson affect your interest
about your ability to learn math science? in engineering?

Definitely Sort of Not sure No Increased Decreased No effect
Class One 42% 50% 8% 0% Class One 42% 0% 58%
Class Two 29% 43% 14% 14% Class Two 36% 14% 50%
Combined 37% 47% 11% 5% Combined 39% 5% 55%


